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ABSTRACT 

1.  INTRODUCTION 

I t  is  well known  that'  dispersion or diffusion estilnatrs 
are most naturally  made utilizing  IJagranginn t lnta ,  that 
is, data derived from the  trajvctorics oT individual  air 
parcels. Formal expressions of diffusion all  involve t hc 
Lagrangian correlation or spectrutn and thcrefore i t  is n o t  
surprising that'  r~ruch of the recent work in diffusion has 
been concerned with  estitnnting these Ilagrmlgiarl statis- 
tics frorll the 111ore easilv obtairlecl Eulerinn  (fixed-point) 
statistics. Inasmuch  as  there is strong  evidence  that  (*on- 
stant volume  balloons  (tetroons) closc~l\- follow tlrc 3- 
dimensional air  motion,  it is rutural to try to clitrlirlatc 
the  problenx of FJulcrian-I,agrangialr relationships ant1 to 
estimate atmospl~cric dispersioll directly fro111 tctroon 
data. This has been tione using  tctroorl  fliglrts fro111 Wal- 
lops lsla,nd in  Virginia [I] and Yuc-ca Flat i n  X e v ~ l a  [2]  
and utilizing a  variant' of' Taylor's clispcrsion equation. 
In the following, carosswintl (vertical and lateral)  disper- 
sions so obtained are correlated  with a t  tllospllcric  colldi- 
tions and are cotnpared  with  dispersion estir~~ates  obtained 
by more conventional  techniques.  'rhe purpose ol ttrc 
paper is to show that  tetroons represent a I'c~nsihlc and 
logical means of estimating the atnlosphcric  dispc~rsior~ 
from a continuous  point  source,  particalarly 011 thct 
mesoscsle. 

2. PROCEDURES AND PROBL.EMS 

A ftlnliliar method for estimating  the dispersion  from 
a cwltinuous  point  source  involves  the use of T:tSlor's 
q u a t i o n ,  which  relates  crosswind  particle  variance  to 
the  product of crosswind  velocity  variance  and  double 
integrd ol' the  Ltlgrnngian  correlation  in  the crosswind 
dirctction. It has been  shown by Pnsquill [13], Gifford 
[GI ,  and o t l w s  t h a t  the running  mean-vtuiance  statistic 

is i n  theory fully  equivtllcnt to 'l'uylor's dispersion  equ a t,' 1011 

; m d  in  some w a y s  is better  behaved.  In equnt'ion ( I ) ,  
y'(7') is thr  crosswind  particle  variance  after  travel  time 
T tlnd c\? is the crosswind  vtainnce of the  (Lagrangian) 
velocity ixvernged over  travel  time T. B:tsically this  is a 
dist~tt~cc-rqut~ls-vel~cit~~-ti~~~es-tirr~e equation  but  implicit 
in  it is the  information  that,  for n short  travel t'inle 
oscillations of all  frequency  contribute to the dispersion 
where;ls for long  travel  times the low  frequency oscillations 
dominate  the  dispersion.  While  it  is  intuitively  obvious 
that,  this  should bc so, i t  is nnnlytically expressed  in 
equation (I)  by the damping effect of longer and longer 
aver:tging times  upon  velocity  oscillations of lower and 
lower  frequency. 

- 



If Lagrangian  data w e  :tvail:tble, equation ( I )  tlppcwrs 
iLtl extremely easy WRJ- of estirnating  dispersion, be(-ttusc 
d l  that is required is  velocities averaged over tinlr 
intervals  equal to the  travel t ime for which the dispersion 
is desired and  the  corresponding  variance  statistics. 
There t m ,  how-ever, subtle difficulties involved in tho 
use of even so simple a11 expression as equation ( I ) ,  
partly  due to  the  assurnptions on which the cqutttioll 
is bmed atld partlv  to  lirnitations i n  the  data now  availrthlc 
t o  substitute in the equation. An >mxmlptiorl  basic to 
Taylor's dispersion  equation,  and  equation ( I )  11s well, 
is that the turbulence  is  uniform  in space (horrlogencwus) 
and steady in time  (stationary). If thesc  conditions  do 
not  hold,  then the displwerncnt  statistics of :L sirlglc 
particle  observed :I large  number o f  times will not t w  
identical to t'he  displacettlent  sttttistics ol R lalge nurnbcr 
of particles  passing :t given fisd point' (source) irl suc(-cs- 
sion, and some error will be introduced in dispersion 
estin1:ttes obtained  through  the use of equation ( I ) .  
Artotller dificult'y arises bcc>ausc the  atmosphere posscsscs 
a11 scales of motion  up  to  the  hemispheric  scale and 
consequently  the  value of the  velocity vari:tncc has no 
upper  limit,  but will inc.rease tis the time or spwc sc:~lc 
is increased. This effect was evident  in  the E'uc(*il Flat 
flights,  where  successive  tetroon  releases  during  the d:~>- 
indicated a vcering of the wind  with :tpproxirrlately :L 
perldulanl-day  period. T h e  velocity vtLriatlce associ:rtcd 
with such A slow  oscillation was, oi' course, not at all 
evident  in the individual  tetroon Higllts of relativcly short 
duration  and  c*onsequently, ttt 1e:lst in this case, dispersiot) 
estimates from the  individual flights would not be cspwtcd  
to  apply  to  long release and  sampling  times. 'l'his 
problenl can be rrlinimizcd 1))- cstitrt;rtirlg the dispc.rsiorr 
only for travel  tinles much sn1:tllcr thim t1:e strttlplirlg 
time or b:rlloorl travel time. 

The final  difficulty  nlerltionctl  here  involves tllc nltllln('r 

in wtliah the  st'atistics w e  obtaixlctl. l'hcorctically, t 110 

bar over t'he velooit>- variancc in  equation (1) rcprrscrrts 
an enselnble average or tlvcragc over I I I ~ R J -  tliffcrcwt~ 
t'rials ra11do~l1 in  space u r d  time.  However,  owing to  thr  
few tetroon  flights SO far Ilrttde, such  st'at'istics arc? sitllply 
not  avnilable at  this  time,  and  in  this paper dispersion 
estim:~tes  have been obtained Tram individual  tetroon 
flights. It should be noted, however, that for the prar- 
tical  estimation of' dispersion the  truly random trails  nlay 
even  be  rnislettding  since, :IS will be shown,  irltlivitlud 
values ol the  vnrimce ;Ire widely  diiforent tleperldirlg 
upon trtrnospheric stability  conditions.  Evidence will be 
presented later  suggesting ttlirt the dispersion  ubtairletl 
from : r n  individual flight  is fairly  represent:ltivc, b u ~  i n  
any event  this difficult'y can be overcome ill t l lc  future, 
and  the  necessary  statistics  obtained,  either  by  dividing 
long  flights into  independent  segments or by rn:rking :I 

number of short  flights  sintultaneonsly or in succession. 
For t'lle purposes of this  papcr, tllc  tlispcrsion was 

estin~at~ecl  by  substituting in equation ( I )  vcrtical and 
lateral vclocit'y varianccs  obt,aittcd from tctroon vc1oc.itic.s 

avrrngctl ovcr t,ravcl  tirncs 110 greater t,han one-fifth the 
fiigllt tluration at, altitude.  These  variances were ob- 
tairtctl fro-clt tl computer prograrrl developed t>y t h e  En- 
virotllllttltal  Metrorologicd  Research Project of the US. 
l7'c~atIlcr Bureau. As shown by  Pack [lo], a comparison 
ol' the dispersion  estimated  from l'trylor's  eyu:ttion and 
equation (1 )  suggests  that t t  ~ n a s i ~ ~ l u m  travel time of 
one-tenth the flight durtttion would have been much 
morc appropritrte,,  but the  tetroon  flights were too short 
for such :I s t a t i s t i d ly  satisfying  procedure At the longer 
t.rnvel times the dispersion estimates repor.t,ed herein might 
be untlerestitrltites by trt least 20 percent  owing to this 
factor  and, :IS discussed later,  the influence of periodicities 
in the flow may  have been overestirntited  thereby. The 
tiispersion :is :L function of tr:rvel time so obtained has 
been converted to dispersion :is :I funct'ion of downwind 
t1ist:tnc.e by use of' the trlean velocity along the flight. 

3. DISPERSION  ESTIMATES 

Figures 1 and Z illustrate  the ratios of standard devia- 
tion of lat8cral  particle  tlisplacernent and downwind 
distance, and  standard  tlcviation of vertical  particle dis- 
placclrlc~tlt~ ant1 downwind  dist'ance,  respectively, as func- 
t,iorls of downwind  distancc  along  individual tetroorl 
flights. 7'1lr. data in figures 1 and 2 have  been plotted 
on log-log paper so that' the p o n ~ r  of t'he downwind 
tlistannc~ to which the  lateral  and  vertical  dispersions are 
proportional  may bc cstirnated from the slope of the  lines. 
Tllc slope  appropriat,c to a given  power  is  shown in the 
lower left corner of both  diagrams. 'Fable 1 shows the 
conditions un(I(Lr which the tct'roon flights were made 
and pcrtiltcnt tlat'a conccrnirrg t'he flights  thcrnselvcs. 

111 figr~rc. 1 t h e  (lots (unstable  conditions) a n d  circles 
( s t a t h  cotltlitiotrs)  represent' lat'eral  dispersion data 
ohtairlctl by Pasquill [14] a t  ('arclington, England by 
m c m s  ol airplanr sartlplirlg of ground-released fluorescent 
t l y > .  T h e  triangles  represent  similar data obt'ainetl by 
('rozicr and Sccly [ 5 ]  i n  S e w  Mexico  in  generally unstable 
conditiotls. The following points are to bc rnlphasized 
with rcgartl to f i g l ~ r ~  1. 
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JULY l?)ti:! MONTI€LY IVEATHER REVIEW 265 

t 
olP t 

w I  t I 
I .  0 

0.8 

0.6 

0.4 

0.2 

0 -  I 

0,003 - - 
I I I I l l  1 I I I I l l  I I I I I I l l  I I 

0.04 0. I I .o 10.0 4 0.0 
DOWNWIND  DISTANCE  (NAUTICAL MILES) 

FIGURE l.-\7ariation of the  ratio of sttmdnrd  drviation of lateral  particle disp1:tcement and  downwind  distance  with  downwind  distance 
for individual tetroon flights. The dots (ur ls1: thlc~ conditions)  and circles (stable  conditions)  indicate  ground-released fluorescent dye 
results ohtailled  at  Cardington,  England, while the trianglc~s indicatc  results  obtained in X e w  1Iesico by similar  techniques in un- 
stablr conditions.  The powclr of the  downwitld distancc. to  which  the  lat,eral  dispersion is proportional is show11 by the slope of the 
lines in the lowrr lrft cornw. 

1. Thc sitnilarity in the  lateral  dispersions  estimated 
from flights 1 and 2 (released 1:h hours apart) ant1 flights 
1 and 9 (released at   the same time  one (la\- apart)  lends 
support to  the  represcntntivetress of' the  dispersion  tlcrivctl 
from individual  flights. See also figure Z in t'his respwt. 

2.  The tetroon  data  indicate  that, at I~cigllts of 2,000- 
3,000  feet ant1 distances ol' 0.1-10 1 1 .  ini.,  the  ratio ol' 
standard deviation of latcrul  particle tlisplacetlwrlt and 
downwind tlist,ance  varics I'rorn a valut  near O.OX in 
relatively stable  conditions over the sea to  valucs  cweetl- 
ing 0.3 in unstable  conditions over t h t  desert. 

3. At distances ol' 0.4-1.4 11. Jni. t h c  tetroon data 
yield, on tIlc average, a lateral  dispersion varyitlg :wcordi,lg 
to the 0.8  power of the  tlowtlu-ind tlist~ance.  However, 

this  average  power  varies from a value of 0.9 at, t,he 
shorter  distance  to 0.7 a t  the longer  distance. The latter 
value rnay be an  underest'irrmte  due t'o irlsufficient flight 
lcngth. 

4. T h e  above power  appa.rently  decreases  more  rapidly 
with  downwind  dist,ance  in  stable  conditions  than in 
unstable  conditions.  ,This is illustrated  more  clearly  in 
figure 3 ,  which  shows  t'he  relationship  between  this power 
in  the  lateral and vertical  directions, and t'l~e  ratio of 
vertical or lateral  dispersion  and  downwind  dist'ance. 
Since  the latter parameter  is a function of atnlospheric 
stability,  the power  also appears to be a furlction of 
stability.  One  would  estimate from figure 3 that, over 
the  given  distance and for the  given  height, the power in 
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FIGURE 2.--Variation of the  ratio of standard  deviation of vertical pmticlcx displacement  and  downwind  distance  with  downwind distance 
for individual  tetroon  flights.  The  dots  (unstable  conditions), half dots  (intermediate  conditions),  and circles (stable conditions) 
indicate  fluorescent  dye results obtained at Cardington  at  heights near 2,000 feet;  the crosses indicate  results  obtained near the ground 
at  Hanford, Wash. in stable conditions.  Otherwise, soe figure 1 lvgerld. 

the case ol lateral dispersiotl  varies from about 0.9 iil 
unstable  conditions  to  a,bout 0.7 in  stable  conditions, a 
result  in  fair  agreenlcnt  with  that found by C'ramer, 
Record,  and  Vaughan [4]. A possible  danger  in  this 
deduction lies in the fac,t' that  the  tetroon flights i n  stable 
conditions are, in  general,  somewhat  shorter than tllc 
flights in  unstable  conditions.  Howevcr,  the clispersion 
as a  function of distance  derived  from  flight 2 lunstahlc 
conditions) and  flights 6 and 7 (stable  conditions)  tends 
to confirm the finding  for  flights of equal  length (fig. 1). 

5. The release of fluorescent dye at, ground  level at 
(lardington  under  unstable  conditions  yields  lateral  dis- 
persions  in reasonable apeenlent  with  those  derived  from 
tetroon  flight>s  in unstable  conditions.  However,  the over- 
water  tetroon  flights  yield  lateral  dispersions  consitierablg 

snlaller than those found a t  ('ardington  under  stable con- 
ditions, no doubt partly due to  the effect of ground- 
induced nlixirlg in  the  latter case. Wit11 respect  to this 
possible ground  effect, i t  is of interest  that  the fluorescent 
dyc cxperirncnts  in New Mexico  suggest'ed  greater lat'eral 
tlispcrsion than  that  found from  tetroon  flights  in Yucca 
Flat at the time ol' I I I U X ~ I I ~ U I ~  instabilit'y. 

'I'urning now to figure 2 ,  the clots (unstable  conditions), 
circles  (stitblt. conditions) and halI-dots (intermediate con- 
ditions)  indicate  vertical  dispersion  estimates  obtained at 
('rmlirlgtorl t).v sampling, on barrage-bxllool~ ctlbles, fluo- 
rescent dye released from an nirplwnc at) it height' near 
2,000 I't. [16]. The crossos indicate  results  on vertical 
dispersion  obtained b ~ -  Hilst arid  Sirrlpso~l [8] using similar 
techniques,  except that the dye was released  from a tower 



at a height of 185 i t .  Rernenlbcring  that  at  ('artlington 
the  dattl on lateral  dispersion  werc  obtained Erorn ground- 
released fluorescent dye, one  can see it is more justifiable 
t'o cotnptrre the vertical  dispersion  results  ohtailled by 
tetroom  and  fluorewent dye than  it is the  lateral tlisper- 
sion results. 'I'lle following points are to be (?111p111rsized 
with regard to figure 2:  

1. T h o  t'etroon  (lata  indicate  that, a t  heights of 2,000- 
3,000 feet and tlistanccs of 0.1-10 11. mi., the rtitio of 
standard  deviation of vertical  particlc clisplacctrlent and 
dowllwintl distance  varies from a value  near 0.01 in rcl- 
at'ivelv stable  conditions over t'he  sea to vdues  excecding 
0.2 in unstable  conditions ovcr the desert. A l o w - l e ~ l  
tet'roorl flight  within the  noctur td  inversion a t  Yucca 
Flat also indiccrtes R ratio  near 0.01. 

2. At  distances of 0.4-1.4 11. 111i. the tetroorl dtrttr yield, 
on t'he average, a vertical  dispersion  varying  according to 
the 0.5 power of' the  downwind clistarlce. However,  this 
avenge power varies  from a value of 0.6 a t  the  shorter 
distance to 0.4 at' the longer  distance. On sotnc flights 
the power becomes negativc,  signifying  a  decrease  in  vcr- 
tical dispersion  with  time  and  distance.  This  "pitwhing 
effect" is  associated  with  periodicities  in  the verticwl 1110- 

tion and it's  validit'y  is  considered  in  the  next  section. 
3. As in the case of lateral  dispersion,  figurc 3 shows thtrt 

the above  power  decreases  more  rapidly  with  downwind 
distance in  stable  conditions  thtm  in  unstable  conditions. 
One mould estimate  from  figure 3 that,  over  the given 
distance and  for  the  given  height, in the c:Lse of vertical 
dispersion the power  varies  from  about 0.9 in  unstable 
conditions to about 0.4 in  stable  conditions,  thus  being 
considerably more  sensit'ive t'o stabilit~y  than  the  power 
in the case of lateral  dispersion. Onw again,  the  disper- 
&on as a function of dist'ance  dcrivetl  from  flight 2 (un- 
stable conditions) and flights 6 and 7 (stable  conditions) 
tends t'o confirm the  finding  for  flights of equd length 

4. Fluorescent d ~ - e  released by airplanc  at  ('twdington 
under unsttlble conditions  yields  vertical  dispersions some- 
what less than those  obtained  from dwytinle tetroorl 
flights a t  Yucca Flat, as would be expected  owing  to the 
extreme inst'ability a t  t'he latter  sitc.  The dye released 
in stable conditions  yields  vertical  dispersions i n  good 
agreement with  those  derived from tetroon  flights  ovcr 
the sea in relativelv  stable  conditions and derivctl fro111 
the flight within  the  nocturnal  inversion at YUccii Flat. 
The vertical  dispersion data  obtained 113- Hilst  and  Simp- 
son [8] under  stable  condit,ions also agree very well with 
vertical dispersions  derived from the latter flights. 

In order to  combine  t,he  tetroon-derived data concerning 
vertical arid lateral  dispersion  and also provide a visud 
picture of the  great difference in dispcrsion  undcr  varying 
atmospheric conditions, figures 4 and 5 wcre  prcparctl 
showing the st:tnd:wd deviations of prarticlc displacenletlt 
in the lateral  and  vcrticul  directions at) dowrlwintl dis- 
tances of 0.5, 1.0, and 2.0 11. mi. The st~ant1:lrtl tlevitrtions 
are shown as a function of' time for the Yucctl Flat data 

(fig. 2). 
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FI~:URE 3.-Power of the  downwind  distance to which the  standard 
drvistiorls of vertical  and  lateral  particle  displacement  are  pro- 
portional  (ordinate)  as a function of t,he  ratio of t>hese standard 
deviations  and downwind distance  (abscissa).  The  dot,s  indicate 
the  rcwpective values for lateral  standard  deviat,ions,  as  derived 
from the tetroorl d a h ,  the crosses the  values for vert,ical standard 
deviat,iorrs. 

ttnd as tt I'unction of synoptic  situation  at Wallops  Island, 
with  the  ordinat'e  also  indicating the nlean  height t'o which 
thc  results  apply.  The  data  presented for  noon and 3 p.m. 
ut  Yucca Flat  are the averages of two  flights mlde  at   the 
stillle t,itne hut on successive days.  Points  to  be  empha- 
sized in figure 4 are: 

1. 'rhe  apparent'  influence of the  ground on t'he  relative 
nlagnitude of vertical  and  lateral  dispersion for the two 
6 a . m .  flights. 

2 .  The evidencc tllat  in  t>he  morning, when the  inst,s- 
bilit,\- is increasing,  the  lateral  dispersion  is  great>er  than 
the  vertical  dispersion,  whereas at noon the dispersion 
in the  two  directions  is  equal,  and  in  the  afternoon  the 
vertical  dispersion  exceeds  the  lateral  dispersion. 

3. The suggestion that in t'he case of a  smoke  plume  at' 
the given  height  there  would  be a reflective effect from the 
ground  during  the  day,  since  only  the  standard  deviation 
o l  the vcrticd  particle  displacement  is  pictured  and  thus 
i t  is apparent  that some partic.lrs  would  intersect' the 
ground :It downwind  distanccs of two tniles or more. 

4.  The effect upon conttm1inant  conoentration of the 
tliff'erent dispersion  regimes  indicated a t  noon  and 9 p.m., 
tllc  axial  concentration  differing by 2-3 orders of magni- 
tudc ttt, distnnces of 0.5-2.0 n. rrli. 

Tn the case of' dispersion over the sea, as illustrat'ed by 
figure 5, the  most  obvious  feature  is  the  greater  magnitude 
of the  lateral  dispersion  in  cornpt~rison  with  the  vertical 
dispersion, thc only  exception  being  warm  sector  conditions 
as represented by flight 3 * .  The large  lateral dispersion 
indicated by flight 1 * (cold air)  is  the  result of its  partially 
stLlrlplirlg a cold frontal  trough so that  the  lateral dispersion 
in this case is more applicable to the  synoptic  scde  than  the 
Illcsosc~tllc. 
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4. VERTICAL  DISPERSION AND  PERIODICITIES IN THE 
FLOW 

If there  is  periodicity  in the flow, the rate of incrcwse 
of the StaIldid  deviation of vertictll or 1:rter:ll  particale 
displacementj will not  proceed u11ifortrr1~- with downwirrtl 
distance or time,  but  rather will possess :I rels 'I t '  1ve cot1- 
striction whiclr approxirnatel>-  ilrdicatw  the pclriotl of 
oscillation in  space or time. Such tl  feature d s o  c:lrrics 
over into  data  showing  the v:wi;itiorl with  downwind 
distance of the  ratios of these s t t m t l d  t1rvi;ltions >111(1 

downwind distance.  When, as i n  figures I ttl lt l  2 ,  suctl 
ratios arc plotted on log-log paper, t he  pc>riotlicity is 
approximately irldic:Lted by the p l : ~ c ~  where t he  :It)ovv 
ratios decrease most rapidly  with tlistrulce (slope nlinit11a). 
The periodicity i n  tinle n ~ a y  then be tlerivctl frotrl thc 
mean velocity  along tlre flight. 111 table 2 ;LIT listetl t Ire 
distances and  times  (periods) of slopc tnirlitn:t :ts tlcrivcvl 
from figures 1 and 2. A glance at' these  figurcs shows t h a t  
such slope tnininls  are nlucll more :Ipp:lrent in the  c:~se of 
vertical dispersion than in tlrc (atwe of 1:ltcr.d dispersion. 
In the former case, in fact, l n i r l i n 1 : L  in tlre litre slopc. 
occasiondly are sufficiently pronounced so :IS to yicltl 
an actual,  rat,her than relative, tlrcrcr~sc in st:tt1tl>lrtl 
deviation of vert'ical  particle  tlisplwcnlent  with dist;lnc-c 
and time (dispersion  proportional  to :I negative power of 
the distance or time). To the  writcr's knowl;lctlgc, 
Richardson [15] is the onlJ-  one to  have c~ltLitrw(1 that  visu;~l 
evidence for  smoke plunre taorlstric(ion in  the vc\rtic;11 
exists, and  this  on :L much  stndler scale than we :trc 
dealing wit,ll here. Wit>ll regard to the  redit>- of tllese 
constrictions in  the vert'ical, however, it is  suspicious that 
they are derived  only for the rc1:ltively short  tetroon  flights. 
Flights such as 3 *  :rnd 7*, wlric.11 also possess :r good 
periodicit'y in  the  vert'icd,  indicate  only a slowing dowtl 
in the rate of increase of cloud depth with tlisttlnc*e or 
time, so that tlre problem n1ay etlsily be one of insufficient 
flight duration. On flights : 3 * ,  7*, 8*, 6,  a n t 1  possibly 14, 
the vertical periodicit'ies  responsible for the. c>onstrictiorrs, 
or tendencies toward  constriction, :tgree closely  with tlrc 
theoretical periotlicit'ies to be expected i n  t m  :lt!Ilosphc~rc 
with the  given lapse  rate [9]. 

Intlst11ucIl :is there is no tlleorctical  reason why oscilla- 
tions  with  such  periods should occur in  the  horizontal 
plane, some of the differences between figures 1 and 2 are 
r:ltiordizetl. TII surnn)nry, mhilc the  vertical  constric- 
tions  dcrivetl fro111 a few of the tetroon  flights could well 
b e  ;I consequence of insuffir:ient flight  duration,  this  general 
problctrl should  be  kept  in  nlind,  because there is  evidence 
for tlre existence of vertical  pcriodicities  with a basis in 
tllrory ant1 it  is  concvivable  that  these  periodicities :we of 
sufficient n1:lgnitutle t m d  consistency so as to  induce a 
cor~striction, or strong tendencJ- toward :I constriction,  in 
thc. st;mdtrrd deviation of vertical  particle  displacement 
11s :I function of tlownwirrd distance. 

5. THE USEFULNESS OF TETROONS FOR 
DISPERSION ESTIMATES 

I t  has been showtl in the, preceding how tetroon Bights, 
p e r h p s  even  individuttl  tetroon  flights, can provide dis- 
persion  estimates on the lllesoscalc. Let  us now  consider 
son1e of' the :dv:lnt:tges of this  tetroon  technique  with 
respecat to the more c*onventiontll techniques for estimating 
attnospheric dispersion  from a continuous  point  source. 

One ol' the newest tmtl most prornising  methods for 
ostitrlating  dispersion from a continuous  point  source 
d s o  involves  the use ol equtrtion (I) ,  but wit'h the  sub- 
stit  ution of' Eulerittn (fixed poitrt) rather  thtm  Ltqpngian 
velocity  fluctuations [7]. Sonle assumption then  has to 
be mad(.  concerning the shape  and scale  relat>ions  between 
Eulerim tmtl  Ilagtwlgisn spectra. If such a relation 
('xists, :mti it  varies  litt'le  with  ntlnospheric  stability,  wind 
speed, tlist,~rrc:e f'ronl the source, or other paranleters, then 
this  is  cert:tinly  the way to estimate  at~nlospheric dis- 
persion,  Eulerian  wind  velocities  being so easy  to  obtain. 
There is :Lcwmlulating evidence,  however,  that while the 
shapes of' Eulerittn and  Lagrangian  velocity  spectra  may 
be similar,  the  scale lactor (p )  between  the  two  spectra 
varies  with  stttbility and perhaps  with  other  pararneters 
:IS well. At the present'  time  the  whole  problem  is  quite 
conf'using, particularly  since  different  investigators find 
p vtlrying  differently  with  respect to variations  in tl given 
p:rr:unetcr, even from t)he  same  data. Thus, from Project 
Pruiric Grass data Bwrad [ 3 ]  found that' @ decreased with 
incwasing  stability while, from the  sanle  data,  Panofsky 
[12] f'ountl that' p was approxirrlwtcly equal t'o 5 during 
the night trnd 1 during the d a y .  

I t ,  is hoped  to  make S O I ~ C  clefinitjive cornpurisons of 
Eulerian ant1 Lagrangian scales by flying tetroons past 
instrumented  barrage-balloon  cables  at  Cardington, Eng- 
ltmd.  Such an experiment  should  tell us whether  it is 
I'casible t o  utilize  Eulcrian  data  in  equation (1) or whether 
it will be necessary t'o utilize data of 1,agrangian t'j-pe. 
I n  t he  latter case, one advantage of tetroons  in conrparison 
wit11 slnoke,  fluorescent dye ,  or other mass-tracer  tech- 
niques,  is  that  the radar-tmoked tetroon tells  you  how an 
:lir parcel got, to a certain spot, not just tjhat  it  got there 
[I]] .  I n  nddition,  tetroorls will >-ieltl dispersion est'irr?ntcs 



over longer  distances t h m  sr~rolw plumes arid 111ore (wi ly  
than fluorescent dJ-e or other tr:toer t,eohniques,  tdtl~ouglr 
there  is  t>he  disadvantttge  that  to  compute  dispersion to, 
say, 5 mi., one has to tr:wk R t’etroon from 25-50 111i. 

Kevertlreless, one would  anticipate  that,  t>hrough  t I r e  usc 
of tetroons, R dispersion  clinlatology  could  fairly easily 
be developed,  whereby thc dispersion to be expcctctl a t  
a  given  site  under  given  condit’ions of stabilitv, witltl 
speed,  wind  direction, etc. could be estitXIiltet1. I n  thc 
event, of nn accidental  release of contaminant, ttrc tetroon 
would not only yield tlrc direction of travel of tlrc (eon- 
tarnirlnnt, but ,  as indicvltetl above, would also yield ~ L I I  

estinlate of the contatr1in:tnt cor1centr:rtion. Of (~owsc ,  
in t,he ( m e  of the  tetroon, one has to prcsupposc  the 
existence of :L radar net  which  would be willing and  able 
to  track  tetroons upon request. Undoubtedly, onc ol‘ 
the chief drawbacks t’o the whole  tetroon  s~-stem irlvolvcs 
the  method  and nreaTrs of obtaining  suitable r>LdtLr trtlcli- 
ing,  either for clitnatological  purposes or I‘or singular 
releases. 

6. CONCLUSION 

It has been shown that  estirnatcs of dispersion I’rotrl :L 
cont’inuous  point source by rrletms of tctroorl  flights u c  
in reasonable  agreement with dispersion  estimates ob- 
tained by the release of fluorescent dye. Inasnruch as  
dispersion  estimitt’es on the mesoscale can be obtninctl 
simply  and  cheaply  througll  the use of tetroons,  it would 
appear that tetroon  flights are R femible and logical way 
of esti~nating  atmospheric dispersion,  and lrerrce cot1t:mi- 
nant  concentrat’ion, on this  scale.  An addi t iord asset or 
t,he tet>roons  is  t’hat  they  yield  directly  the tr2rjector.y of 
air  parcel or contsminant. If further  experiments con- 
tinue  to  indicate  the  applicability of tetroorr flights for 
this  purpose,  it’  is  suggested  that  steps be initiated to 
develop :L dispersion  climutology ut’ilizirlg  te,troorIs, t~ tr t l  

that tet’roons be  made  available for the purpose ol‘ tracing 
and  estirllating  concentration  in the  event’ of an ;tc~itle1lt:d 

release of con tttrrlirlmt. 
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